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1. SUMMARY 
 
The objective of this project was to conduct a pilot assessment of EIP initiative in Ulsan from an 
eco-efficiency perspective. The project strategy was developed to better integrate sustainability 
issues, in particular environmental issues, in vital sectors, like energy and water. In realizing that 
there is a lack of available tools and methodologies to support such integration process, a core 
element of the project was devoted to promote and develop methodologies and tools, generic by 
nature and hence adaptable to different countries and sectors.  
 
It is believed that the EIP initiatives around the country could bring great environmental, 
economic, and social benefits, broadly known as triple bottom line (TBL) benefits, as a 
contribution to ecologically sustainable industrial development and in addition, to the Korea’s 
recently introduced green growth strategy. This program includes initiatives related to cleaner 
production (at the company level), industrial symbiosis (IS) and EIPs (at the industrial cluster 
lever), and, more broadly, the regional eco-industrial network (at the regional level). As a part of 
EIP initiative in Ulsan, creation of IS networks within the Ulsan industrial parks is being 
considered as a prominent mean of enhancing the TBL benefits. With the well established 
business model, stakeholders are attracted for investment on infrastructures that offers them a 
significant economic gains simultaneously contributing to a cleaner and greener environment. It 
is noteworthy to mention here that within the 1st phase of EIP initiative in Ulsan, with the support 
of a research fund of 6 million US$, an investment of 50 million US$ has been attracted that has 
a potential of economic benefit of 50 million US$/year. 
 
Several challenges, however, exist at different levels such as developing the financing strategies, 
reducing regulatory uncertainty and liability, adding flexibility to environmental regulations to 
new IS network implementation and a lack of indicators for evaluating the performance of 
industrial symbiotic networks. Sustainable development should involve all stakeholders and 
requires that standards be formed and implemented in the local context. Few eco-efficiency 
indicators have been described in the EIP literature due to the complex nature of EIP. Therefore, 
eco-efficiency indicators that are simple and common must be developed and applied for 
sustainable infrastructure development, which can ultimately help policy makers and urban 
planners in expanding infrastructure financing opportunities.  
 
The investment in the infrastructure development for establishing the synergy networks in EIP 
initiative has the potential to offer abundant economically attractive opportunities to develop and 
share resources among the tenants in the industrial park. It has the potential to contribute to a 
clean environment in terms of reduced industrial CO2 emission, landfilling of materials, 
hazardous waste streams, and industrial use of water.  Simultaneously it can also reduce the 
demand on natural virgin resources and generates cost savings, new sales, jobs and new business 
start-ups. 
 
Thus, the present approach can at least encourage industrial park practitioners to improve their 
economic performance, environmental quality, and social development. Aside from retrofitting 
the traditional industrial parks to EIPs, this concept can equally be applicable to the new EIP 
development at the regional level contributing to sustainable development.  
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2. INTRODUCTION 
 
Industrial environmental policy in Korea has drastically changed after the Ministry of 
Knowledge Economy (MKE) (earlier the Ministry of Commerce, Industry, and Energy (MOCIE) 
enacted ‘APEFIS’, an Act to Promote Environmental Friendly Industrial Structure, in December 
1995. Based on the APEFIS, the MKE established an institutional system for cleaner production 
(CP) and EMS based on ISO 14001 as an implementing tool. The first comprehensive master 
plan for environment friendly industrial development was made and operated based on APEFIS. 
This plan includes; streamlining the supporting system, CP transfer and dissemination, 
promoting environmental industry, and stimulating environmental management. The CP transfer 
and dissemination deals with technology transfer, international collaborative projects, supply 
chain environmental management (SCEM), EMS and eco-industrial parks (EIP). 
 
In 2005, the Korea National Cleaner Production Center (KNCPC) with the support of the 
Ministry of Knowledge Economy (MKE) started a 15-year, 3-phase project titled, ‘Eco-industrial 
Park (EIP): construction for establishing infrastructure of cleaner production in Korea’. By 
becoming EIPs, Korea’s industrial complexes will enable resident industries to become more 
efficient and to reduce pollution through a variety of strategies such as improved inter-company 
collaboration within the industrial complex and within supply chains, shared services and 
facilities to lower costs of individual companies, especially small and medium scale enterprises, 
company to company exchanges of material, energy, water and services etc. 
 
The U.S. President’s Council on Sustainable Development (USPCSD) consensus definition of an 
EIP is as follows: 
  
“An EIP is a community of businesses that cooperate with each other and with the local 
community to efficiently share resources (information, materials, water, energy, infrastructure 
and natural habitat), leading to economic gains, gains in environmental quality, and equitable 
enhancement of human resources for the business and local community” (Chertow, 2007). 
 
By becoming EIPs, the industrial complexes will enable the tenants to become more efficient and 
to reduce pollution through a variety of strategies. Some of the features that enable greater 
competitiveness include (Lowe and Koenig, 2006):  
 Improved inter-company collaboration within the industrial complex and within supply 
chains) enable synergy in environmental protection, community benefits, and competitive 
bidding.  
 Shared services and facilities to lower costs of individual companies, especially small and 
medium scale enterprises; affordable access to cleaner production training and consultation is 
strategically important for SMEs.  
 Company to company exchanges of material, energy, water and services enhances the 
efficiency of each unit of input.  
 A cluster of resource recovery companies utilizes by-products not absorbed through company 
exchanges.  
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 A cluster of environmental technology and service companies supports companies in the 
complex, especially SMEs, in improving product and process design, avoiding waste 
generation, and gaining higher efficiency.  
 A management unit provides services for resource management, infrastructure, services and 
knowledge-management to companies, utilities, the local community and regional networks. 
 The management of infrastructure for the complex seeks high performance technologies and 
management practices in sewage and rainwater treatment, recycling and recovery 
technologies, efficient use of fossil fuels, use of renewable energy sources, and efficient 
transportation, and food services. 
 Jointly managed emergency prevention, preparedness, and response systems reduce the risks 
and costs of major incidents and increase the investment security in the complex.  
 The EIP provides its services and know-how as center of excellence in all aspects of resource 
efficiency, serving industry, commerce, and municipalities as a source of innovation on a 
regional scale.  
EIPs have the potential to affect the companies that participate in them, the managers of EIPs, 
the members of the communities that host them, and the wider community. Thus, to achieve the 
afore-mentioned benefits, it is required that all stakeholders responsible for the development of 
the industrial sector participate, support and collaborate in the transition of industrial complexes 
to EIPs. Membership in an EIP can potentially bring economic benefits to companies by 
improving their efficiency, reducing their infrastructure requirements, providing access to better 
information about their customers and suppliers, and reducing their costs for regulatory 
compliance. More importantly, the EIPs may improve the economic efficiency of member firms 
by improving the utilization of resources among the members, taking advantage of economies of 
scale and scope, improving the flow of information between customers and suppliers. 
EIPs have the potential to bring economic and environmental benefits to the communities in 
which they locate. The EIP can provide a basis for industrial recruitment, bringing new jobs and 
income to a community. An EIP may lead to the development of industries that add value to the 
products leaving a community, increasing local income. Finally, an EIP arrangement may 
improve the competitiveness of existing companies, preventing plant closures and the 
accompanying job losses. The EIP can also reduce the environmental burden of existing 
industrial activities and mitigate the environmental impact of new firms. As members of the EIP 
begin to use each other’s byproducts in their production activities, they may reduce their 
production of solid waste. As the EIP reduces the cost of activities such as solvent recycling, EIP 
companies may generate less hazardous waste. The application of water cascading techniques 
may reduce pollutant discharges to water and reduce the use of fresh water. The collocation of 
EIP companies can reduce air emissions from combustion of fossil fuels (Martin et al., 1996). 
 
EIPs seek to optimize use of resources through the separate action of their companies, through 
the interaction between companies exchanging by-products, and finally through integrated 
resource recovery systems. However, the middle option, by-product exchange (BPX), is simple 
to communicate and sometimes is offered as the inadequate definition of an EIP. A BPX is a set 
of companies seeking to utilize each other's by-products (energy, water, and materials) rather 
than disposing of them as waste. The creation of BPXs has been one of the most frequently 
4 
 
attempted strategies that enable companies to gain new revenues from some by-products or at 
least save the costs of disposal. On the demand side, customers may gain local sources of 
supplies at reduced costs. Forming a BPX appears to be an easy way for a company to begin 
practicing efficiency of resource use and to learn other ways to improve environmental 
performance (Lowe and Koenig, 2006).  
At a macro or regional level, there is more value in utilizing a systems approach rather than 
focusing on specific issues. The use of such as approach would allow for more holistic and 
coordinated planning and implementation strategies to be attained. Greater co-ordination results 
in a number of benefits such as increased opportunities for networking between the businesses in 
the EIP, as well as between the EIP and its community, greater economies of scale as a result of 
a wider network of stakeholders, and enhanced connectivity amongst stakeholders. In this way, 
use of a systems approach at the macro-level should bring a range of benefits to the EIP (Tudor 
et al., 2007). 
 
The systems understanding of EIPs indicate that an EIP will achieve profitable return on 
investment (ROI) while demonstrating an environmentally and socially sound form of industrial 
real estate development. This model of industrial development will be a major hub for 
sustainable regional development. To achieve the mission, creation of IS networks among 
companies are seen as one of many strategies that optimize resource consumption and reduce 
pollution in an industrial park or region. EIP teams benefit from seeing the overall EIP system as 
one for optimizing all resource flows in an industrial park while reducing all environmental and 
social impacts.  
Eco-efficiency concept has emerged as a valuable tool towards the target of sustainable 
development. The term “eco-efficiency” coined by WBCSD (earlier BCSD) in 1992 has been 
receiving wide acceptance as an instrument for sustainability analysis due to its ability to 
adequately describe the aspiration of business by simultaneously creating the economic values 
and reducing the environmental impact to the earth. Eco-efficiency as defined by DeSimone and 
Popoff (2002) is as follows: 
 
                                                 (1)       
 
          
                            Resources                                                 Product/ service 
                            Energy 
                            Water 
                            Materials                                  GHG intensity 
                            Land                         Waste     Emissions to air (SO2, NOx) 
                                                                             Emissions to water (BOD) 
                                                                             Waste or hazardous substances 
                                                                             Loss of Biodiversity                 
 
Figure 1. Schematic diagram explaining eco-efficiency (Santucci, 2008) 
Urban 
Infrastructure 
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Eco-efficiency therefore combines economic improvements with the more efficient use of 
resources and the prevention of emissions.  The seven components of Eco-efficiency are 
(WBCSD): 
• reduce material intensity of goods and services 
• reduce energy intensity of goods and services 
• reduce toxic dispersion 
• enhance material recyclability 
• maximize sustainable use of renewable resources 
• reduce material durability 
• increase the service intensity of goods and services 
 
To achieve the above-mentioned components of eco-efficiency, the creativity of the business 
community is needed, which deploys new technologies, initiates improvements along the entire 
value chain and brings new products to the market. Eco-efficiency can work throughout the 
supply chain, end users included. By devising products and services which allow customers to 
cut their consumption of resources and reduce their environmental impact while satisfying their 
needs more effectively and at a better price, companies are already reaping the benefits of this 
far-sighted business strategy. 
 
 
Figure 2. Schematic diagram of EIP with three companies (Adapted from Martin et al., 1996) 
The EIP depicted in Figure 2 contains three companies. Each company obtains resources from 
both external sources (RE
i) and from the other EIP members (RI
i). Each company also has two 
types of waste: waste that is discharged to outside of the EIP (WE
i) and waste that is exchanged 
with other companies in the EIP (WI
i). Thus, WI
1, which is company 1’s internally traded waste, 
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is equal to RI
2, which is company 2’s internally obtained resources. The total waste discharges 
are equal to WE
1 + WE
2 + WE
3, while the total resource use is RE
1 + RE
2 + RE
3. 
Thus, from the context of EIP, eco-efficiency is a key driver for companies as it can help them to 
produce better goods and services while using fewer resources and generating less impact, 
thereby improving both their environmental performance and their bottom line. 
 
3. CONTEXT 
 
Ulsan is located about 389.5 km from the southeast end of the capital city of Seoul. It was 
officially granted the status of a city by the national government in 1962. At that time, about 
85,000 residents of the area were mainly depending on agriculture and fisheries for their 
livelihood and were staying in small villages. On January 27th 1962, the city of Ulsan was 
designated a specialized industrial district as part of a government plan to encourage the 
development of heavy industry.  This plan aimed to increase the population of Ulsan to a half 
million people and establish the city as a regional center for industry and culture. Unfortunately, 
growth was focused narrowly on improving the economy and establishing heavy industries such 
as petrochemical, nonferrous metal, shipbuilding, and automotive companies as was the trend at 
the time.  Little attention was paid to the state of the environment. Large amounts of emissions 
and pollutants were discharged from industrial complexes, causing damage to agricultural and 
marine products.  As a direct result of this, seven districts consisting of 7,467 households had to 
be evacuated and industries involved in the pollution were forced to compensate the residents for 
damages.  These events led Ulsan being known nationally and globally as a heavily polluted city. 
To address these problems, the government designated the Ulsan Mipo/Onsan National Industrial 
Complex as an atmospheric pollution prevention area.  The industrial complex was required to 
follow unprecedented strict environmental regulations, forcing companies to invest more in 
pollution prevention facilities and to organize environmental management plans.  Furthermore, 
the adoption of Local Agenda 21 at the 1992 Rio Earth Summit encouraged better understanding 
of environmental responsibilities and promoted more sustainable environmental actions amongst 
the industries, NGOs and citizens of Korea. 
Presently, Ulsan is the largest industrial city of South Korea consisting of a number of industrial 
complexes at both national and regional level (Table 1). As of 2006, there are 2 national 
industrial parks and 4 agricultural industrial complexes, and 5 regional industrial complexes in 
Ulsan. Currently more than 1000 companies reside and more than 100,000 people are working in 
these industrial complexes. With very high density of industries and close proximity to the 
Pacific Ocean, the Ulsan national industrial complexes play an important role in the Korean 
economy and the local community.   
      
The Ulsan industrial complexes have been continuously evolving from conventional industrial 
complexes to EIPs, based on sustainable development policies adopted by existing industries 
(Park et al., 2008). 
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Table 1. Industrial complexes in Ulsan city (Source: www.ulsan.ac.go.kr)   
Classification Complex 
name 
Land area 
(Km2) 
Key industries Remark 
National 
industrial  
complex 
Ulsan/Mipo 46,185 Automobile, oil-refinery, 
shipbuilding,  
petrochemicals 
606 moved in 
Onsan 17,071 Nonferrous metal, oil-
refinery, pulp 
212 moved in 
Rural, 
agricultural  
industrial 
complex 
Dalcheon 264 Assembly metal, 
electric/electronics 
83 moved in 
Sangbuk 138 Auto parts, 1st metal 9 moved in 
Duseo 122 Auto parts,   assembly 
metal 
16 moved in 
Dudong 69 Auto parts 4 moved in 
Regional 
industrial 
complex 
Maegok 558 Auto parts, machinery Open in 2006 
Modularized 863 Company for modularized 
parts 
Open in 2008 
New industrial 2,525 IT, new materials Open in 2011 
Gilcheon 532 Mechatronics, machinery Open in 2008 
High-tech 
valley 
2,635 Semi-conductor, 
electric/electronics 
Open in 2012 
The detailed features of Ulsan national industrial parks (Ulsan-Mipo and Onsan) are mentioned 
in Tables 2 and 3. 
 
Table 2. Some detailed features of Ulsan national industrial parks (As of 2008, KICOX) 
Item Ulsan/Mipo  Onsan  
Area 
Total (km
2
) 46,185 17,283 
Plant (km
2
) 30,348 14,870 
Number of 
companies 
Move-in 767 283 
In operation 657 297 
Capacity of water supply (m3/day) 705,000 340,000 
Capacity of wastewater treatment (m3/day) 250,000 150,000 
Production (Billion USD$) 68.0 22.5 
Export (Billion USD$) 42.77 14,62 
Number of Employees 87,985 13,218 
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Table 3. Industrial categories in Ulsan national industrial parks (As of 09’2008, KICOX) 
Category Ulsan/Mipo Onsan Total 
Food Products 8 - 8 
Textile Products 5 1 6 
Textile Products 5 1 6 
Wood / Papers 15 3 18 
Petrochemicals 123 68 191 
Non ferrous 28 10 38 
Steel 12 21 33 
Machinery 196 66 262 
Electrical, Electronics 71 7 78 
Transport Equipments 110 48 158 
Others 22 8 30 
Services 86 30 116 
Total 676 262 938 
 
In order to be the industrial capital of Korea, in 2004, ‘‘Eco-Polis Ulsan’’ was declared based on 
‘‘The Master plan of Eco-Polis Ulsan’’, in which the Ulsan EIP Pilot project was included as one 
of the action plans. The goal of Eco-Polis Ulsan is the harmonious coexistence of industries, 
environment, and human beings. Support from Ulsan Metropolitan City for sustainable 
development through the Eco-Polis Ulsan initiative provided good preconditions for the Ulsan 
EIP transition. Through these initiatives, the city of Ulsan has given top priority to the 
environment in implementing policies such as urban planning, construction of roads and 
transportation systems, and establishment of industrial parks. Both the Eco-Polis Ulsan program 
and the Ulsan EIP transition initiative share an integrated approach at the city level to applying 
industrial ecology principles for overall development in the region. The present national policy 
of pursuing a sustainable industrial strategy can help renovate the traditional industrial parks in 
Ulsan by applying advanced environmental technology and creating opportunities to introduce 
industrial symbiotic networking into the large-scale industries along with other medium and 
small-scale companies. 
 
4. OBJECTIVES 
 
The pertinent requirement for Korea to transform its industrial parks into EIPs are primarily 
based on the following reasons: 
(i) Ecological carrying capacity  
Carrying capacity applies equally to human and natural ecosystems. For human systems, it 
determines the maximum population that a particular environment can sustain indefinitely, at a 
given level of resource availability, affluence and technology. Some of the variables in carrying 
capacity include climate change, regional change rainfall patterns, change in timing of seasons 
etc. 
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(ii) Global competition for resources  
As one of the major industrial nations, Korea imports 98% of its energy, petrochemical inputs 
and industrial commodities such as iron ore, alumina, and copper. Korea imports 90% of fine and 
specialty chemicals, in spite of its large commodity petrochemical production base. It also 
imports over half of its food products. South Korea is the seventh largest oil consumer and fifth 
largest net oil importer in the world. Most petroleum imports come from the Persian Gulf. Thus 
Korea’s powerful economy is dependent upon global resource markets, where prices are driven 
by the high demand of rapidly developing nations and are severely impacted by natural disasters 
and combat. 
(iii) Requirement for the industries to perform at a higher level of resource efficiency 
Korea’s rapid development over the last four decades was not based on efficient use of resources 
and has released heavy pollution to the environment and human communities. Korea ranks ninth 
in greenhouse gas emissions among industrial countries. To remain competitive, Korean industry 
needs to take a lead in achieving very high efficiency and very low pollution levels. Thus, 
cleaner production and EIPs are two of the primary means for achieving these improvements in 
Korea, which is the basis for the initiative for transitioning all industrial parks and complexes 
into EIPs.   
(iv) Reduction of industrial pollution to protect human health and and natural ecosystem 
Companies are facing increasing liability for the health and environmental impacts of chemical 
products such as ozone depleting substances, persistent organic compounds, and high impact 
greenhouse gases. 
 
The transition to EIPs will help industrial complexes and their companies meet the afore-
mentioned system of complex challenges and will help to transform industrial production 
towards sustainable patterns.  
In the context of EIP transition in Korea, the first phase (2005–2009) of the three-phase 15-year 
EIP initiative has been progressed to carry out the trial projects for converting five existing 
industrial complexes into EIPs by the optimization of the consumption of energy, raw materials, 
and other resources. This is one of the strategies for the greening of industrial complexes under 
the strong support of the government.  
 
Ulsan industrial complex was originally developed as conventional industrial estates, with a 
collective energy provider such as electricity, steam and water, and IS evolved due to stringent 
environmental regulations and economic benefits. Since mid 1990s, this IS network developed 
spontaneously on a one-to-one basis which resulted in the present industrial symbiotic network. 
However, the introduction of the EIP concept has recently evoked nation-wide interest, 
especially among municipalities, business managers, and citizens. 
 
EIPs establish a network of material and energy flows among enterprises, so as to realize the 
highly effective utilization of resources and energy and the minimum discharge of waste by 
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simulating the natural ecosystem. They are one form of a larger phenomenon called IS - the 
exchange or sharing of resources made possible by geographic proximity. In this connection, 
strategies for optimizing the use of resources or environment as expressed in more efficient way 
play a particularly important role. Eco-efficiency, which is an instrument for sustainability 
analysis, indicating an empirical relation in economic activities between environmental cost or 
value and environmental impact, has been proposed as a route to promote such a transformation 
(Mickwitz et al., 2006). 
 
In view of the importance of eco-efficiency analysis of EIPs, this study aims to select appropriate 
indicators, which are simple and common and can be used for measuring regional eco-efficiency 
at ease. The methods for measuring the eco-efficiency indicators are described as given below: 
 
a. Criteria for measuring the Economic benefits of IS networking 
 
Table 4 provides some indicators of the economic benefits of the IS networking in the EIP 
initiative. The change in annual profit is the best overall indicator of the benefits of the EIP to the 
company. However, as the companies cannot see the immediate benefits of their investment in 
the EIP (owing to its long term nature), short term indicators such as ROI and payback period are 
immensely useful to estimate the economic benefits.  
 
Table 4. Economic parameters for industrial networking (Adapted from Martin et al., 1996)  
Indicator Data requireda Method 
Change in annual 
profit (net benefit) 
 Output prices and quantities 
 Input prices and quantities 
 Annualized investment 
 Regulatory costsb 
 Transportation costs 
 
Change in the cost 
of production per 
unit 
 Input prices  
 Input requirement per unit 
 Annualized investment 
 Regulatory costsb 
 Transportation costs 
 
Change in 
productivity 
 Quantity of outputs 
 Quantity of inputs 
c 
Return on 
investment (ROI) 
 Annual net benefit of 
investment 
 Discount rate 
 Years of return expected  
Payback period 
 Number of years required to 
return investment  
aPre-Networking and post-Networking data are required to calculate changes. 
bRequlatory costs associated with using the inputs (i.e., transportation and storage of hazardous 
material). 
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cProductivity change can be calculated in a number of ways. For a review of methods of 
productivity measurement, see Grillches (1979). 
1: base activity, i: process or plant, j: networking activity, P: price, X: quantity, I; fixed cost  
 
The ROI is the rate of discount ‘r’ that reduces the net present value (NPV) of the flow of net 
economic benefits (Δπ) over ‘n’ years from the project (Martin et al., 1996).  The equation used 
to calculate ROI is as follows: 
 
 
 
where Δπt+i represents the net benefit (benefit minus cost) of the investment in the i
th year after 
the project begins (year t), and n is the total number of years over which the investment provides 
benefits (or costs). Solving the equation (3) for r provides the ROI. Typically, the ROI is 
compared to other investments to provide a rank ordering of investment projects.  
 
Payback period, the number of years required for the investment to pay for itself, is another 
indicator often used to measure the potential success of an investment. It is calculated as the total 
investment divided by annual net revenue. Payback period is a more limited indicator than ROI 
as it does not indicate the total benefits that can be gained from the investment over its lifetime, 
while ROI considers the flow of benefits and costs over the entire life of the investment. 
 
 
b.  Criteria for measuring the Environmental benefits of IS networking 
 
Table 5 provides some indicators of the environmental benefits of the IS networking in the EIP 
initiative. The change in emissions per unit production is the best indicator and is immensely 
useful to estimate the environmental benefits of the EIP to the companies participating in 
symbiotic networking.  
 
Table 5. Environmental parameters for industrial networking 
Indicator Data requireda Method 
Change in 
emissions 
 Emissions Pre-Networking  
 Emissions Post-Networking  
  
Change in the 
emissions per 
unit production  
 Emissions Pre-Networking  
 Emissions Post-Networking  
 Production  
 
aPre-Networking and post-Networking data are required to calculate changes. 
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c. Application of Eco-efficiency indicators in Ulsan EIP initiative 
In the standard definition of eco-efficiency “economic value added divided by environmental 
impacts” social aspects are not embedded for which the use of eco-efficiency is often criticized.  
Thus, Ulsan EIP transition initiative considers payback period as the economic indicator, 
pollutant reduction as the environmental indicator, job creation and contribution to quality of life 
in terms of minimized environmental pollution as the social indicator. Besides, the indicators 
selected here are intended to be easily understandable by the stakeholders in order to convince 
them to participate in the infrastructure development. The integration of these TBL indicators are 
used as the eco-efficiency indicators to evaluate the feasibility of each project considered in the 
symbiosis networks as an element to retrofit the existing industrial parks to EIP. Figure 3 
explains the overall process of EIP transition initiative beginning from the strategy to the 
participation of stakeholders and finally evaluating the eco-efficiency of industrial complex and 
Ulsan metropolitan city. The eco-efficiency evaluation of the industrial parks in Ulsan and the 
Ulsan metropolitan city requires the database of resources input, services and/or products, and 
emissions. 
 
 
 
 
 
Figure 3. Schematic diagram showing the evaluation of eco-efficiency in Ulsan EIP initiative 
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5. PROCESS 
 
a. Korean EIP master plan 
In 2005, the Korea National Cleaner Production Center (KNCPC) with the support of the 
Ministry of Knowledge Economy (MKE) started a 15-year, 3-phase project titled, ‘Eco-industrial 
Park (EIP): construction for establishing infrastructure of cleaner production in Korea’ in which 
Ulsan national industrial park was selected as one of the 5 demonstration regions. The five 
industrial complexes that are included under this closed domain of EIP study are given in Table 
6.  
Briefly, the three phases of the project are: first phase (2005-2009) strives to perform 
demonstration projects to shift the industrial complexes to EIPs, with prior understanding of the 
material and energy flow analysis, input and output of raw materials, products, by products and 
wastes. The second phase (2010-2014) will provide conceptual ideas and disseminate 
understanding of the designed concept to 20 other industrial complexes. The third phase (2015-
2019) would overview the flaws and constraints envisioned in first and second phases and strive 
to rework and reinvent the existing system of practice. Finally the performance indicators would 
be analyzed to redesign any missing components and infrastructure (Park et al., 2008). 
 
Table 6. Details of the five industrial complexes in Korea chosen for the EIP study 
Location of  
industrial complex 
Land area 
 (acres) 
Number of  
companies 
Typical industries 
Banwol and Siwha, 
Seoul 
7860 5400 Textile, dying, chemical processing, 
 incinerators, pulp and paper mill etc. 
Mipo and Onsan, 
Ulsan 
13700 700 Non ferrous metals, steel, metal 
manufacture, automobile, ship building, 
petrochemicals, refinery, incinerators, etc. 
Yeousu 7736 149 Petrochemical industry, refinery, etc. 
Cheongju 1010 200 Pulp and paper, electronics, non ferrous 
metals, metal    
processing, food processing, 
petrochemicals, etc. 
Pohang 4970 220 Cement, steel industry, metal processing, 
fine chemical industry, waste disposal, etc 
 
b. Ulsan EIP Initiative 
 Voluntary industrial networking 
The conversion of conventional industrial complexes in Ulsan into EIP has already started on a 
company-to-company basis by the mid-1990s. However, before the launch of EIP initiative in 
2005, Ulsan national industrial parks were developed based on the production priority policy 
with supply chains and artery networks including the collective utility systems, generating huge 
amount of by-products and waste materials, which was not circulated by vein networking 
(Behera et al., 2008).  
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Establishment of Eco-center  
The major goal of Ulsan EIP initiative was to establish Ulsan Eco-center and innovate and 
renovate the Ulsan Mipo-Onsan industrial complexes in order to transform them into EIPs by a 
systematic application of IS. The Ulsan Eco-center established in 2007 is affiliated to Korea 
Industrial Complex Corporation (KICOX) and consists of industry practitioners and academic 
experts, including representatives of the University of Ulsan. It disseminates its approach by 
providing guidance and networking to the stakeholders (Park and Won, 2007). The key 
stakeholders in the Ulsan EIP project are Ulsan Eco-center, Ulsan Metropolitan City government, 
companies in the Mipo-Onsan industrial park and above all KICOX. 
 
 
 
Figure 4. Organizational hierarchy of Ulsan EIP project 
The role of Ulsan Eco-center in the three important phases of EIP transition initiative is 
discussed as follows:  
(i) Data collection: Eco-center collects data from all the companies in the Ulsan Mipo-Onsan 
industrial complexes.  
(ii) Symbiosis identification and feasibility study: Based on the processing of data in terms of 
supply and demand obtained from the companies, possible linkages are identified in the Eco-
center. Further, the Center for Clean Technology and Resource Recycling in University of Ulsan 
extends the research and development support to evaluate the feasibility of any project. 
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(iii) IS Implementation: This stage involves support to the participating companies to implement 
the identified linkages. To assist the functioning of the existing synergies, Eco-center would act 
as a front runner to negotiate with the stakeholders to overcome diverse barriers. 
Systematic expansion of value networking 
Owing to the spontaneous and unplanned nature of value networking before 2005, Eco-center 
devised strategies to implement the IS networks very systematically and effectively, which is 
being followed since 2006. As envisioned from Figure 5, the number of networks is 
progressively increasing from the year 2006 to 2009. Seven more new networks have been 
planned for the year 2010, which are either in the feasibility study or design stage. Possibilities, 
however, exist for the further expansion of IS networking among more than 1000 companies 
within the Ulsan industrial complexes. In this initiative, the three key factors that are considered 
to be crucial for the business model development are: 
 
(1) Economic factors: Benefits should overcome the investment.  
(2) Technical factors: IS can be achieved with the currently available technology.  
(3) Institutional factors: IS activities must be allowed by the existing law. 
 
 
 
Figure 5. Networking evolution in Ulsan National industrial Parks 
 
c. Industrial symbiosis network strategy in Ulsan EIP transition 
Though IS had already been developed in Ulsan industrial parks on a company-to-company 
basis, these were unplanned in nature and were not aimed at converting the existing industrial 
parks to EIPs. The Eco-center’s effort towards the Ulsan EIP transition has resulted in the 
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establishment of ten IS networks within a period of 3 years (2006-2008). Based on the 
experiences and lessons learnt from the establishment of two symbiotic networks (i) between 
Yoosung Company and Hankook Paper (ii) between Sung-am municipal waste incineration 
facility and Hyosung Company in Ulsan, the Eco-centre developed its own site specific road map 
to transform the existing industrial parks into EIP.  
     The first and foremost step in the EIP initiatives is to select the ‘champion’ of such projects 
(Figure 6). The importance of having a ‘champion’ to drive EIP and IS development, bring 
people and organizations together, and stimulate further participation is often cited as an 
important factor in establishing lasting, successful applications of industrial ecology (Chertow, 
2007; Heeres et al, 2004; Roberts, 2004; Mirata, 2004; Hewes and Lyons, 2008).  Hewes and 
Lyons (2008) stressed the importance of champions from a social perspective, arguing that their 
importance lies in their ability to promote social connections between people within participating 
businesses, develop trust, and push to continue the development and progression EIP initiatives.  
Personal involvement in development of the EIPs and a deep understanding of the local society 
and culture also contribute to a ‘champion’ being effective in promoting the growth of EIPs. 
Similarly, Heeres et al. (2004) note that the lack of a local champion was felt in two earlier EIP 
cases studied in the United States and that an organization or individual that could fill this void 
and act as a stimulating presence for further EIP development would be welcomed.  
In Phase 1, after setting up the EIP team under the guidance of the champion, data is collected 
from all the companies in Ulsan national industrial parks. Based on the information available on 
supply-demand conditions from different companies and sincere brain-storming, top-down 
network searching by Ulsan Eco-center and bottom-up network searching supported by diverse 
knowledge networks such as petrochemical technology forum, organic sludge recycling forum, 
and research forum for sharing of waste and by-products help to find out potential networking 
that are possible among the companies in Phase 2. Consequent upon this, potential partners are 
recruited to participate in the industrial symbioses (Behera et al., 2008). Feasibility investigation 
of a project comprises assessment of potential uses of by-products, assessment of techno-
economic, environmental and social feasibility, and conceptual design for the particular network. 
Based on the feasibility results, business model is developed for the particular networking. 
      
A critical factor in the Ulsan EIP transition is the actual implementation (Phase 3) of newly 
identified IS networks. In fact, Phase 3 is time and energy consuming compared to Phases 1 and 
2, and many a times Ulsan Eco-center has a pivotal role in the negotiation process as a neutral 
player. Soon after the mutual agreement and signing of MOU, infrastructure design and 
construction of facilities are made to start the synergy exchanges. Nevertheless, it is the 
responsibility of the Eco-center to look over the progress of synergy exchanges and continuously 
support the partners. 
      
The road map has facilitated the Eco-center to establish eight more IS networks as groundwork 
for the transformation of existing industrial parks to EIP. Though the road map has been 
developed taking into account the local situation, similar roadmaps can be developed by any EIP 
development project considering their local situation, to ensure that the best ideas for designing 
an eco-industrial system get the broadest support from stakeholders and industrial enterprises. 
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Figure 6. Road map for IS implementation in Ulsan EIP transition 
 
d. Networking evolution in Ulsan national industrial parks 
Figure 7 shows the IS networks among diverse group of industries that are running and planned 
in future.  It is interesting to note that companies are now expressing their interest to participate 
in the synergy networks in view of the potential triple bottom line benefits of the networks that 
have been established recently.
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Figure 7. Networking evolution in Ulsan national industrial parks (Numbers along the arrows represent the month and year of IS 
implementation, respectively) 
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6. FINANCIAL RESOURCES AND PARTNERS 
 
The investment on the establishment of each IS network is essentially shared by the participating 
companies while the research and development fund is supported by the Ulsan Eco-center to examine 
the feasibility of the project. The profits are shared based on their share for the infrastructure 
development. The details of investment and profits are stated in Table 7.  
 
There are diverse financing resources in Korea, both government and private, to fund such projects. 
Several incentive funds such as Water saving company (WASCO), Energy saving company (ESCO) 
are financed by the government at a nominal rate of interest to projects participating in energy saving, 
waste recycling, water saving etc. Alternatively, the businesses between the symbiosis partners can 
also be financed based on the private investment business models available in Korea (Korea 
Development Institute). These business models depend on a variety of factors as to who is in charge 
of construction and who owns and operates the business after establishing it.  Depending on the 
model, the ROI varies. There are four models of a private investment business: Build-Transfer-
Operate (BTO), Build-Transfer-Lease (BTL), Build-Own-Transfer (BOT), and Build-Own-Operate 
(BOO).  Any private enterprise may propose a private investment business and there is no limit to the 
choice of models.  The essential characteristics of the four models are mentioned in Table 7. 
 
     Table 7. Models of private investment businesses 
Model Characteristics 
BTO When the construction of infrastructure finishes, ownership is transferred either 
to the national government or local authorities. Under this model, the builder will 
be allowed to manage and operate the infrastructure for a certain period of time. 
BTL When the construction of infrastructure finishes, ownership is transferred either 
to the national government or local authorities. Under this model, the builder will 
be allowed to manage and operate the infrastructure for a certain period of time.  
However, national or local governments will pay rent to the builder over a 
contract period. 
BOT The builder has the authority of ownership for the period of contract after 
construction completion.  When the contract expires, ownership of the 
infrastructure is transferred to either the national or local government. 
BOO The builder owns and operates the infrastructure. 
 
BTO and BTL are the most common models for private investment businesses. In the BTO model, 
private investment businesses operate the facility and generate income to fund its investment from 
operation. On the other hand, under the BTL model either the national or local governments have the 
authority to return the builder’s investment. The government pays back the builder based on the 
builder’s investment and debts.   
20 
 
7. RESULTS 
 
a. Economic and social benefits from industrial symbiosis in Ulsan EIP initiative 
Economic and social benefits are the two most important aspects that are essential for consideration 
in infrastructure development. The best performance of the infrastructure can be achieved by 
accomplishing economically feasible, socially adaptable, financially viable, environmentally neutral 
or positive, technically possible infrastructure development. In this context, payback period may be 
used as a parameter to show how the project is economically feasible from the economic view point.  
 
In many cases, the profit shared (per year) by the participating companies is more than the investment 
for infrastructure design and construction (Table 8). For instance, the profit shared by Sungam MWIF 
and Hyosung Company was 7.1 billion KRW in a year against an investment of 5 billion KRW for 
infrastructure design and construction. Similarly, Yoosung Company and Hankook Paper shared a 
profit of 2.32 billion KRW/yr with an investment of 0.85 billion KRW for infrastructure design and 
construction. In addition, social benefits add to it in terms increased employee and community 
satisfaction due to employment generation and improved environmental performance. As an example 
of social benefit in terms of employment generation, Hyosung Company has decided to invest 150 
billion KRW to construct a new production unit of its company in order to utilize its excess steam 
that would result in the engagement of an estimated 140 new employees.  
 
b. Environmental benefits from industrial symbiosis in Ulsan EIP initiative 
In addition to economic and social benefits, another goal of the IS is to improve the environmental 
standard through efficiency, further development and information exchange of utilization of by-
products in industry. Through these actions, the enterprises will minimize the utilization of energy, 
water and natural raw materials. The environmental benefits in terms of waste recycle and reduction, 
waste water recycle, CO2 reduction, emissions of four pollutants (SOx, NOx, TSP, CO and VOC) and 
in addition the reduction in the utilization of energy were estimated (Table 9). For example, the 
benefits gained (in terms of reduction in the utilization of energy, CO2 reduction, emissions of air 
pollutants) by the establishment of IS network between Sungam MWIF and Hyosung Company was 
18850, 55500 ton/year and 176.8 ton/year. Similarly, establishment of IS network between Yoosung 
Company and Hankook Paper resulted in the benefits (in terms of reduction in the utilization of 
energy, CO2 reduction, emissions of air pollutants) of 7762, 19058 ton/year and 135 ton/year, 
respectively. The overall environmental benefits estimated from all the networks at various stages are 
mentioned in Table 8. Besides, the contribution of the EIP initiative to the environmental quality of 
Ulsan city is mentioned in Table 10.
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Table 8. Economic and social benefits from industrial symbiosis in Ulsan EIP project 
No. 
S
ta
tu
s 
Material From Intermediary To 
Research/ 
Negotiation 
Period 
(month) 
Research and 
development 
Fund 
(million US$) 
Economic benefit 
Social 
benefit 
Investment 
(million 
US$) 
Profit 
(million 
US$) 
Payback 
period (yr)  
1 
R
un
ni
ng
 
Steam 
Industrial 
waste 
Yoosung  
Corporation 
Hankook 
Paper 
7 / 4 0.05 0.85 2.32 0.37 - 
2 
Steam Municipal 
waste 
Sung-am 
MWIF 
Hyosung 
Company 
4 / 21 0.01 5.00 7.10 0.72 140 new 
jobs,  
1500 
million 
US$ invest
ment 
3 Steam 
KP Chemical 
Hansol EME 
Korea PTG SKC 12 / 12 0.15 14.00 6.40 2.31 - 
4 
Aldehyde 
waste 
water 
SK Energy Environsoft 
Noksan 
MWWTF 
7 / 2 0.07 0.13 1.98 0.07 - 
5 
Nutrient 
for  
microorg-
anisms 
Industrial 
wastewater 
Sunkyuong  
Watech 
Te-kwang 
Industry 
12 / 0.10 0.10 3.69 0.03 - 
6 
Neutralizi
ng agent 
POSCO 
Ilsin 
Polytech 
LS-Nikko 12 / 0.10 0.05 1.14 0.04  
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- 
Table 8 continued… 
No. 
S
ta
tu
s 
Material From Intermediary To 
Research/ 
Negotiation 
Period 
(month) 
Research and 
development 
Fund 
(million US$) 
Economic benefit 
Social 
benefit 
Investment 
(million 
US$) 
Profit 
(million 
US$) 
Payback 
period (yr)  
7 
U
nd
er
  
de
si
gn
 
Alumin- 
um chip 
Dongnam fine 
Hanjoo metal  
Ajin 
Metal 
12 / 0.27 0.50 4.35 0.12 - 
8 DOP LG Chemical Hankil 
Jinyang 
Chemical 
12 / 0.15 0.16 1.14 0.14 - 
9 Steam 
Hyundai 
Heavy  
Industry 
Hyundai 
Heavy  
Industry 
KCC 
Company 
Hyundai 
Motor 
Company 
12 / 34 0.11 6.00 3.58 1.75 - 
10 Steam 
Taekwang 
Industry 
Dongbu 
Hitek 
Samyang 
Corp. 
Songwon 
Company 
12 / 12 0.21 4.50 9.20 0.50 - 
11 Steam 
Korea Zinc 
 Company  
Hankook 
Paper 
Donghae 
Pulp 
12 / 6 0.17 19.50 12.40 1.64 - 
23 
 
12 
Recycled 
oil by 
pyrolysis 
Municipal  
waste plastics 
JSE 
Nambu 
Bomyung 
24 / 0.31 0.20 1.46 0.14 - 
Table 8 continued… 
No. 
S
ta
tu
s 
Material From Intermediary To 
Research/ 
Negotiation 
Period 
(month) 
Research and 
development 
Fund 
(million US$) 
Economic benefit 
Social 
benefit 
Investment 
(million 
US$) 
Profit 
(million 
US$) 
Payback 
period (yr)  
13 
U
nd
er
  
de
si
gn
 Oil 
degradati
on  
material 
SK Energy SGR Tech 
Soil 
remedia-
tion  
site 
24 / 0.43 0.20 0.20 1.09 - 
14 Waste oil 
Petrochemical  
Industry 
Sinheung 
Taewonm
Ulsan 
12 / 0.09 2.00 2.67 0.80 - 
SUM 2.21 53.2 57.6 
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Table 9. Environmental benefits from industrial symbiosis in Ulsan EIP project 
No. 
S
ta
tu
s Material 
(ton/yr) 
From Intermediary To 
Environmental benefit 
Waste 
recycle & 
reduction 
(ton/yr) 
Wastewater 
recycle 
(ton/yr) 
Energy 
reduction 
(L, m3/yr) 
CO2 
reduction 
 (ton/yr) 
Air 
pollutant 
reduction 
 (ton/yr) 
1 
R
un
ni
ng
 
Steam 100,800 
Industrial 
waste 
Yoosung  
Corporation 
Hankook 
Paper   
7,762 19,058.0 135.0 
2 Steam 244,800 
Municipal 
waste 
Sungam 
MWIF 
Hyosung 
Company   
18,850 55,500.0 176.8 
3 Steam 216,000 
KP Chemical 
Hansol EME 
Korea PTG SKC 
  
12,751 44,468.0 314.1 
4 
Aldehyde  
wastewater 
6,000 SK Energy Environsoft 
Noksan 
MWWTF  
6,000.0 
   
5 
Nutrient for  
microorganism 
2,000 
Industrial 
wastewater 
Sunkyuong  
Watech 
Teakwang 
Industry  
2,000.0 
   
6 
Alternative 
neutralizing 
agent 
15,200 POSCO 
Ilsin 
Polytech 
LS-Nikko 29,000.0 
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Table 9 continued… 
No. 
S
ta
tu
s Material 
(ton/yr) 
From 
In
te
rm
ed
ia
ry
 
To 
Environmental benefit 
Waste 
recycle & 
reduction 
(ton/yr) 
Wastewater 
recycle 
(ton/yr) 
Energy 
reduction 
(L,m3/ yr) 
CO2 
reduction 
 (ton/yr) 
Air 
pollutant 
reduction 
 (ton/yr) 
7 
U
nd
er
  
de
si
gn
 
Aluminum 
chip 
5,000 
Dongnam fine 
Hanjoo Metal  
Ajin Metal 1,250.0 
   
1,325.0 
8 DOP 1,080 LG Chemical Hankil 
Jinyang 
Chemical 
486.0 
   
- 
9 Steam 144,000 
Hyundai Heavy 
Industry 
Hyundai 
Heavy  
Industry 
KCC Company 
Hyundai Motor 
Company   
1,266 14,000.0 39.8 
10 Steam 144,000 
Taekwang 
Industry 
Dongbu 
Hitek 
Samyang Corp. 
Songwon 
Company   
11,088 47,644.0 336.5 
11 Steam 360,000 
Korea Zinc 
 Company  
Hankook Paper 
Donghae Pulp   
33,264 119,908.0 829.9 
12 
Recycled 
oil  
by 
6,000 
Municipal  
waste plastics 
JSE 
Nambu 
Bomyung 
6000 
 
2,970 
 
80.5 
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Table 9 continued… 
No. 
S
ta
tu
s Material 
(ton/yr) 
From 
In
te
rm
ed
ia
ry
 
To 
Environmental benefit 
Waste 
recycle & 
reduction 
(ton/yr) 
Wastewater 
recycle 
(ton/yr) 
Energy 
reduction 
(L, m3/yr) 
CO2 
reduction 
 (ton/yr) 
Air 
pollutant 
reduction 
 (ton/yr) 
13 
U
nd
er
  
de
si
gn
 
Oil 
degradation 
material 
100 SK Energy SGR Tech 
Soil remediation 
site 
100 
   
- 
14 Waste oil 15,150 
Petrochemical  
Industry 
Sinheung Taewonmulsan 300 900 12,120 
 
- 
SUM 37,136.0 8,900.0 100,070.4 300,578.0 3,237.6 
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b. Contribution to environmental quality by Ulsan EIP initiative 
Table 10. Contribution to environmental quality by Ulsan EIP initiative 
 
Industrial 
Waste 
(ton/day, 
2006) 
Industrial 
Wastewater 
(m3/day, 
2007) 
Energy 
(toe/yr, 
2007) 
CO2 
(ton/yr, 
2005) 
Air pollutant (ton/yr, 2005) 
CO NOx SOx TSP VOC 
Emission or 
Consumption 
(Energy) 
in Ulsan 
3,658 396,238 22,525,000 54,669,000 32,591 63,205 59,198 15,152 82,828 
Outcomes 
from  
1st Stage  
EIP Project 
in Ulsan  
102 24 100,070 300,578 - 569 1,224 1,369 75 
Contribution  
(%) 
2.78 0.01 0.44 0.55 
 
0.90 2.07 9.03 0.09 
 
8. LESSONS LEARNED AND POLICY IMPLICATIONS 
There is widespread enthusiasm and commitment shown by the industries operating in Ulsan 
industrial parks to achieve greater number of IS networks and, in a long run, to be a world class 
example of EIP. This commitment is reflected in the disclosure of their baseline input and output 
data and their willingness to participate in the project. The currently established networks are 
more diverse and significant, which positions Ulsan well among the leading edge examples of IS. 
Nevertheless, many IS opportunities still appear to exist, mainly in three broad areas: water, 
energy, and industrial by-products. It has been recognized by the Ulsan Eco-center that the 
current legislations does not enable or encourage industries to implement some of the potential 
synergies.  The lessons learned and some of the policy implications from this study are 
highlighted as follows:  
Economic factors: 
 ........................................................................................................................... With 
the well established business model, stakeholders can be attracted for investment on 
infrastructures that offers them a significant economic gains simultaneously contributing 
to a cleaner and greener environment. 
 ........................................................................................................................... To 
achieve the greatest economic benefits, the EIP initiatives require substantial investment 
in infrastructure. Thus, barriers to investment, including liability and capital access, must 
be removed to promote ecologically sound park development.  
 
Environmental factors: 
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 ........................................................................................................................... Estab
lishment of IS networks significantly enhance the environmental performance of the 
industrial parks and the local environment. Thus, environmental goals for EIPs should be 
developed through a participatory process involving all community stakeholders.  
 
 ........................................................................................................................... Mark
et incentives should be used widely in the encouragement and management of EIPs to 
enable cost-effective environmental protection within parks.  
 
Social factors: 
 
 The substantial social benefits such as new employment opportunities and contribution to 
quality of life in terms of minimized environmental pollution due to the establishment of 
IS networks need to be effectively communicated to key stakeholders (e.g. government, 
community, and other industries) so that existing barriers can be removed and appropriate 
policies can be put in place to enable further development of IS networks.  
 
Institutional factors: 
 
 ........................................................................................................................... Envir
onmental regulatory systems must be flexible enough to allow park participants to trade 
their waste products so that environmental goals can be reached in the most cost-effective 
way for the entire park.  
 Central and local governments should coordinate and streamline their regulatory 
requirements to bring the present environment regulations and standards in line with the 
EIP approach. 
 ........................................................................................................................... Orga
nizations such as Eco-centers in Korea should be established so that stakeholders 
interested in developing EIPs can easily obtain regulatory, technical, and financial 
assistance information. 
 
Industrial parks are very important urban infrastructures to enhance the eco-efficiency for 
reduction of energy and resource consumption and emissions. Therefore, eco-efficiency 
indicators must be simple and common in order to identify that the right initiatives are in place to 
deliver better performance in future.  
 
The traditional industrial parks in Ulsan were not developed based on the TBL benefit approach. 
Thus, there is plenty of opportunity to enhance the eco-efficiency of the industrial facilities either 
by transforming the existing industrial parks to EIP or by establishing new EIPs. As a result, this 
kind of action taken at the local or regional level may have tremendous positive effect at a 
variety of scale in the global level. 
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